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Description 

P^TSKSS 10 " PmCeSS PfeParati0n ° f " 0Xira " e °° mP0Und a " d to — » ^Pounds 

It is known to convert olefinic compounds into the corresponding oxirane compounds in that «h P ^w., 
compounds are reacted with organic hydroperoxides according to ^following ^ equal: 

0 

II I N / \ / t 

C— C + _C — 0-0-H i> C C + — C-O-H 

t I I * ^ | 

olefinic hydroperoxide oxirane hydroxyl 
group group group group 

A well-known sequence of reactions wherein the above-mentioned reaction forms a part, is: 
step I 



u Un 

ethylbenzene £ 



H 

ethylbenzenehydroperoxide 



step II; 



propylene o 



CH 3 -CH-CH 2 + QpjH-CH 3 _ CROUCH, Q^H-CH 



I 3 
OH 



o propylene oxide methyl phenyl 

? carbinol 



2 
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step III: 



aCH— CH, 
< 



OH 




CH— CH„ 



+ H 2 0 



styrene 



15 



Another reaction is for example: 
?»3 

H.C— CH-CH-Cl + H,C-C-O-0H > 

3 1 

allylchloride tert .butylhydroperoxide 



20 



25 



f»3 

H 0 C CH — CH„C1 + CH„— C — OH 



V 



epichlorohydrin tert.butanol . 



Applicant has now surprisingly found that in the preparation of the oxirane compound a much more active 
catalyst is used. 

30 The invention relates to a process for the preparation of an oxirane compound by reacting an olef inic com- 
pound with an organic hydroperoxide by the use of heterogeneous catalyst, which is essentially insoluble in 
the reaction mixture, said catalyst comprising titanium in chemical combination with a solid silica and/or inor- 
ganic silicate characterized in that a catalyst is used obtainable by 

a) impregnating the silicium compound with a stream of gaseous titanium tetrachloride, 
35 b) calcining the obtained reaction product of step a), and 

c) hydrolysis of the product of step b). 

Preferably the preparation of the catalyst is performed in the presence of an inert gas, for example nitrogen 
which is inert under the reaction conditions. Other inert gases are for example carbon dioxide, argon, neon 
and helium. The inert gas has also the function of a carrier for the gaseous titanium tetrachloride. The titanium 

40 tetrachloride may react at rather low temperatures, but because of its low partial pressure the reaction will not 
be so fast Therefore higher temperatures, above 130 °C are preferred. 

Impregnation of the silicium compound with vaporized titanium tetrachloride proceeds smoothly at for 
example 180 °C. By a number of thermocouples during the impregnation in the silica or the silicate the tem- 
perature is measured and the reaction held under control. Sometime after the breakthrough of the gaseous 

45 titanium tetrachloride the supply of it is stopped. 

Although the literature is not consistent how far the hydroxy! groups of the silicium compound have reacted 
with the titanium tetrachloride, it is a fact that the reaction product of step a) still contains to much chlorine in 
relation to titanium. Calcining the reaction product of step a) removes hydrogen chloride. Preferred calcination 
temperatures range from 400 °C to 900 °C. A more preferred temperature range is from 500 °C to 700 °C. 

so Without being bound to any theory, it is believed that the titanium tetrachloride reacts as follows with the 

silica compound: 
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I —Si -OH + TiCl, 



— Si — 0 — Ti— CI + 



HC1 



or 



\ 



10 11 -"-OH -Si-0 

/ / \/« 

+ TiCl^ > 0 Ti + 2HC1 



15 



20 



25 



30 



35 



40 



45 



V. \ A 



— Si— OH 
/ 



-Si-0 CI 

/ 



or 



\ 

III —Si— OH 




^ D T n , d i n9 UP ° n the rSaCti0n drcumstances a "d surface of the silica, the product can be a mixture of 
products of the reasons .. II and .... It is believed that after calcination the stage IIHs substantially 'JSJU 

The remaining Ti-CI bond is then (after calcining) ready to be hydrolyzed. Hydrolyzation may be effected 
TSl^T^ Preferab ' y " * - ^ ° f ta " 150 °° t0 400 ° C - ^higheTC^ 

far J«ir Pared bC C ° ntaCted With 3 Sily,ati "9 a 9 ent - before bei "9 used. Silylating agents are 

fo example organosnanes organosilylamines and organosflazanes. Preferred are tetralbstLd s«a*es 

Zl£ h l ydroca *y , ( substltuents . ^ch as chloro trimethyl silane, dichloro dimethyl silane. chloro bromo 
d methy s.lane. n.tro tnmethyl silane. chloro triethy. siiane. iodo dimethyl buryl silane anLloro dimeZ phZ 
s.lane. Avery suitable seating agent is hexamethyldfeBazane having the^hemical formula ^ P * 

CH, CH- 

50 CH, Si — N Si CH, 

3 I I I 3 
CH 3 H CH 
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tJXSSZESZ VlZFL TT 6 " SinCe ft reaCtS 31 re,aBve,y ,0W te ^-««-s, namely be- 
mZenL h! 1 fr , y L 6 S,,ylat,n9 agentS react in 9 aseous P hase - ^ ^ganic hydroperoxide, 
represented by the general formula R-O-O-H. in which R is a monovalent hydrocarbyl group reacts with an 

olefimc compound to an oxirane compound and a compound R-OH 

Preferably, the group R has from 3 to 20 carbon atoms. Most preferably, it is a hydrocarbyl group, in par- 
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ticular a secondary or tertiary alky! or aralkyl group, having from 3 to 10 carbon atoms. Especially preferred 
among these groups are the tertiary alkyl and secondary or tertiary aralkyl groups, including, e.g., tertiary butyl, 
tertiary pentyl, cyclopentyl, 1-phenylethyl-1 f 2-pheny1propyl-2 and the various tetralinyi radicals which originate 
by elimination of a hydrogen atom from the aliphatic side-chain of the tetralin molecule. 

5 Aralkyl hydroperoxide, wherein the hydroperoxy group is linked to that carbon atom of an alkyl side-chain 

which is attached directly to an aromatic ring, including 1-phenylethyM -hydroperoxide and 2-phenylpropyl-2- 
hydroperoxide, are often called after the corresponding hydrocarbons, e.g. ethyl benzene hydroperoxide and 
cumene hydroperoxide. It will be appreciated that, when using ethylbenzene hydroperoxide, the resulting hyd- 
roxy! compound is 1-phenylethanbM, also to be called methyl phenyl carbinol, which may be dehydrated to 

10 styrene, and that, when using cumene hydroperoxide, the resulting hydroxyl compound is 2-phenylpropanoI-2, 
also to be called dimethyl phenyl carbinol, which may be dehydrated to alpha-methylstyrene. Of course, both 
styrene and alpha-methylstyrene are industrially useful products. 

Tertiary amylenes, which are useful as isoprene precursors, may be obtained by dehydration of the alcohol, 
which is formed when using tertiary pentyl hydroperoxide. 

is The organic hydroperoxide reactant used as a starting material may be in a dilute or concentrated, purified 
or unpurif ied condition. 

In principle, any organic compound having at least one olef inic double bond may be reacted with an organic 
hydroperoxide. The compound may be acyclic, monocyclic, bicyclic or polycyclic and they may be mono-olef i- 
nic, diolefinic or polyolefinic. If there are more than one olef inic linkages, these may either be conjugated or 

20 non-conjugated. Generally preferred are olef inic compounds having from 2 to 60 carbon atoms. Although sub- 
stituents, which should preferably be relatively stable, may be present, acyclic mono-olef inic hydrocarbons hav- 
ing from 2 to 10 carbon atoms are of particular interest Such hydrocarbons include, e.g., ethylene, propylene, 
isobutylene, hexene-3, octene-1 and decene-1. Butadiene may be mentioned as an example of a suitable 
diolefinic hydrocarbon. Substituents, if present, may, e.g., be halogen atoms or comprise atoms of oxygen, sul- 

25 phur and nitrogen together with atoms of hydrogen and/or carbon. Of particular interest are olef inically unsatu- 
rated alcohols, and halogen-substituted olefinically unsaturated hydrocarbons, including, e.g., alfyt alcohol, 
crotyl alcohol and ally! chloride. Particularly preferred are alkenes having from 3 to 40 carbon atoms, which 
may or may not be substituted with a hydroxy or a halogen atom. 

Oxirane compounds are materials of established utility and many are chemicals of commerce, in particular 

30 olefin oxides such as, e.g., ethylene oxide and propylene oxide. Propylene oxide may be converted into useful 
polymeric products by polymerization orcopolymerization. Of commercial interest is also epichlorohydrin which 
may be obtained from ally! chloride and may, if so desired, be converted into glycerol. Of course, glycerol may 
also be made from the oxirane compound which is formed when starting from allyl alcohol. 

Now, the present invention relates to the use of a specifically prepared catalyst composition which is essen- 

35 tially insoluble in the epoxidation reaction mixture, thus providing a heterogeneous system. It has surprisingly 
been found that the catalyst composition of the invention is very active, and leads to high conversions of the 
organic hydroperoxide (s) introduced with high selecuVrties to the oxirane compound(s) concerned, these seiec- 
tivities being defined as the molar ratios of oxirane compound(s) formed to organic hydroperoxide(s) converted. 
In general, the epoxidation reaction is conducted in the liquid phase using solvents and/or diluents which 

40 are liquid at reaction temperature and pressure, and substantially inert to the reactants as well as to the pro- 
ducts. The presence of reaction materials such as, e.g., water is desirably avoided. A substantial part of the 
solvent may consist of materials present in the hydroperoxide solution employed. Preferred solvents further 
to be added are mononuclear aromatic compounds, e.g., benzene, toluene, chlorobenzene, bromobenzene, 
orthodichloro benzene, and alkanes, e.g. octane, decane and dodecane. However, an excess amount of the 

45 olef inic reactant may also serve as a solvent together with the solvent material introduced together with the 
organic hydroperoxide, so that no addition of any further solvents is needed. In most instances, however, added 
solvent is used. The total amount of solvent material may be up to 20 moles per mole of the hydroperoxide. 

The epoxidation reaction, generally, proceeds at moderate temperatures and pressures, in particular at 
temperatures in the range of from 0 °C to 200 °C, the range from 25 °C to 200 °C being preferred. The precise 

so pressure is not critical so long as it suffices to maintain the reaction mixture in a liquid condition. Atmospheric 
pressure may be satisfactory. In general, pressures are suitably in the range of from 100 to 10000 kPa. 

At the conclusion of the epoxidation reaction, the liquid mixture comprising the desired products may easily 
be separated from the solid catalyst material. The liquid mixture may then be worked up using any suitable 
conventional methods, including, e.g., fractional distillation, selective extraction and filtration. The solvent, the 

55 catalyst and any unreacted olefin or hydroperoxide may be recycled for further utilization. The process of the 
Invention can successfully be carried out with the catalyst in the form of a slurry, of a moving bed or a f luidized 
bed. However, a fixed catalyst bed is preferred for large-scale industrial operation. The process may be carried 
out in a batch-wise manner, semi-continuously or continuously. The liquid containing the reactants may then 
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K^combmat-on with a solid silica and/or inorganic silicate. The titanium will during the reactfon aiurne tS 
^ Tk J ^ eratelystMm ^ Won «" b « ^ried. but proportions of atleast0.1%by weight 

tumble 2 6,09 Preferred H ° WeVer ' Stfl ' lar9ef P r °P° r « ons ° f «■*» <*" be uL. ' 

prefera^^ 

preferably, at least 90% by we.ght of s.licon. calculated as the dioxide, that is silica. Suitably the solid silicas 
tiltrT^T T* ^ * a relatively laroe specific surface « in "r 

2MO 800 X afea ° f 31 ' eaSt 1 Preferab!y ' thG SP6CffiC Surface area - *• -9e of Z 

«f JUS!! 6 iS, T 9 '; , Synth , etiC ' P ° roUS Silica in 3 relative,y dense ' <='ose-packed form, consisting of particles 
of amorphous silica flocculated or linked together, including silica gel and precipitated silica The preparation 

SLT-Tr ° ,M Ch materialS ^ deSCribed by *- G - ller in hfe b00k colloid ChemUy ofSnc 
SEEi." ^ VT? reSS ' YOrk> 1955 ' ChaptW * and in U S - P atent specification 2 
^to 700 nSoir 7 aVaaabl6 COmmercially ' with a specific surface are? in me range offt^m 
f and a P° r « volume ,n the range of from 0.3 to 1.3 ml/g. and which consist to at least 99% by 
weight of silica, are generally the most suitable. y 

Also suitable are. however, synthetic silica powders consisting of particles of amoiphous silica flocculated 

by Uie combustion of hydrogen and oxygen with silicon tetrachloride or tetrafluoride. £3, produS are 
mercially produced and sold by various companies, including, e.g.. Cabot Corportion ("Cab^ n^ 
Degussa (-Aeros..-) (The words "Degussa- and -Aerosil" are registered Trade Mark^. Z£EZ%£Z 

are ES^JE^ ^ i ^ in ° rganiC indude *• a'^ino-silicates which 

e g ^1 minim i TT !T 7" 35 "^"^ring crystalline mineral silicates, including, 
e.g asbestos minerals, e.g.. serpentine (hydrous magnesium silicates); clay minerals e g hectorite fmao 
nesium Irthium s.licate). kaolins and bentonites. and micaceous minerals, eg.. P h£op£ ftaSSi Z" 
ZZ^LTTf rate >r ,Ve " niCU,ite (a hydr0US ^nesium silicate). Preterred^rho^TnS 

It may be advantageous to include promoters in the catalysts to be used according to the invention in oar 
ferred are the oxKies and such compounds as are readily convertible into oxides. For effecting this conversion 

-•^JSC X^TS. 1 " any c °' ,,en *"" ^ " exampte h fte '<™ - a —■ « - 

EXAMPLE 

Preparation of the titanium catalyst 

a tempera!^ VZ£~ "° 3 ^ «* ^ 3 "^ en stream * 2 ° ' P* to 

oere^^^r'T t t, traCh,0ri<Je ^ ^ "*° with the silica . at "» •(* of the reaction the tem- 
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ducted over the silica bed. After termination of the TiCU distillation, dry nitrogen was led over the silica bed for 
0.5 hour at 180 °C and at a rate of 20 1 per hour. 

The impregnated silica was then heated in a nitrogen atmosphere to 600 °C (at a rate of 50 °C/h) and cal- 
cined for 4 hours at 600 Q C. The calcined silica/titania catalyst was cooled to 300 °C and steam was added to 

5 the circulating nitrogen which flowed at a rate of 20 1 per hour over the catalyst Steam treatment was carried 
out for two hours. The amount of steam was 12% by weight of the amount of nitrogen led over the catalyst. 

The reactor was then cooled to 200 °C in a stream of dry nitrogen and hexamethyldisilazane was conducted 
over the catalyst bed for two hours using dry nitrogen as a carrier gas. An exotherm of 30 °C was observed, 
indicating a reaction of hexamethyldisilazane with hydroxy! groups in the catalyst Excess of hexamethyldisi- 

10 lazane was stripped with nitrogen. Without being bound any theory, it is believed that the silylation reaction 
proceeds as follows: 



15 



20 




Preparation of oxirane compound 

25 

The catalyst performance was tested in a tubular reactor which contained a catalyst as prepared above. 
The epoxidation of propene was carried out with ethylbenzene hydroperoxide. A reaction mixture of about 
6 mol propene per mol ethylbenzene hydroperoxide in ethylbenzene was continuously led through the reactor, 
with a liquid hourly space velocity of 5.58 rr 1 . At 200 hours of operation the following conditions applied: Ethyl- 
30 benzene hydroperoxide conversion was kept at 95.3 mol% by regulation of the temperature. The propene feed 
rate was 47,2 g per hour. The ethylbenzene hydroperoxide/ethylbenzene feed rate (27% mol/mol) was 96.6 g 
per hour. The propene/ethyl benzene hydroperoxide molar ratio was 5.98. The reaction temperature was 60 °C. 
The selectivity (to propylene oxide) was 95,9%. 

35 EXAMPLE (Comparative) 

A titanium silica catalyst prepared by impregnation of silica with a solution of tetraisopropylorthotitanate, 
complexed with acetylacetone in isopropylalcohot and by silylation with hexamethyldisilazane, was also tested. 
Under comparable conditions after 200 hours of operation only the temperature was different viz. the reaction 
40 temperature was 90 °C. 

Since the activation energy for the reaction is 50 kJ/mol and since a temperature difference of 30 °C was 
measured the conclusion is that the catalyst used in the process according to our invention is 4.5 times as active 
as the catalyst used in the prior art process. 

45 

Claims 

1 . A process for the preparation of an oxirane compound by reacting an olef inic compound with an organic 
hydroperoxide by the use of a heterogeneous catalyst which is essentially insoluble in the reaction mixture, 
50 said catalyst comprising, titanium in chemical combination with a solid silica and/or inorganic silicate charac- 
terized in that a catalyst is used obtainable by 

a) Impregnating the silicium compound with a stream of gaseous titanium tetrachloride, 

b) calcining the obtained reaction product of step a), and 

c) hydrolysis of the product of step b). 

55 2. A process as claimed in claim 1 wherein the catalyst before use is brought into contact with a silylating 

agent at elevated temperature. 

3. A process as claimed in claim 1 or 2 wherein the preparation of the catalyst is performed in the presence 
of an inert gas. 
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4. A process as claimed in claim 3 wherein the inert gas is nitrogen. 
^ 5. A process as claimed in one or more of the claims 1-4 wherein the temperature in step a) is above 130 

400 Vln^or dai , med J n r 6 ° r ^ ° f the daimS 1 - 5 * Wherein 8,6 «**»«on temperature is between 
400 °C and 900 °C, preferably between 500 °C and 700 °C. 

7. A process as claimed in one or more of the claims 1-6 wherein the hydrolysis takes place with steam at 
a temperature of between 1 50 °C and 400 °C. 

8. A process as claimed in claim 2 wherein the organic sDylating agent is hexamethyldisBazane 

9. A process as claimed in claim 2 or 8 wherein the temperature of station is between 100 'C and 425 



Patentanspruche 

ein.m ™^ zu ' H «; rete,lun 9 einer Oxiranverbindung durch Umsetzung einer olef inischen Verbindung mit 
•^ ra r tKl ""ter Verwendung eines heterogenen Katalysators. der bn wesentlichen in 

fein S^ em ' SC H/ •J 0- !* * " 0ba, ^ KatalySat0f " mfaBt in Kombination mit einer 

festen Rreselsaure und/oder emem anorganischen Silicat, dadurch gekennzeichnet, datt ein Katalysator ver- 
wendet wird, erhaltlich durch rv»wiys,«iior ver 

a) Impragnieren der Siliciumverbindung mit einem Strom von gasformigem Trtantetrachlorid 

b) Calcinieren des in Stufe a) erhaltenen Reaktionsproduktes und 

c) Hydrolyse des Produktes der Stufe b). 

4. Verfahren nach Anspruch 3, wobei das Inertgas Stickstoff ist 

5. Verfahren nach einem der Anspruche 1 bis 4, wobei die Temperatur in Stufe a) uber 130°C liegt 

' ^ e " " Q a t ei " em ^ mehrere " d6r ^ ns P ruCne 1 bis 5. wobei die Calcinierungstemperatur zwi- 
schen400<>Cund900 , >,vorzugsweisezwischen500«Cund700°C,liegL 

7. Verfahren nach einem Oder mehreren der AnsprOche 1 bis 6, wobei die Hydrolyse mit Dampf bei einer 
temperarjjrzwischen150°Cund400 o Cstattfindet 

I!" w 6 ^ I!' 6 " " aCh Anspruch 2 ' wobei das organische Silylierungsmittel Hexamethyldisnazan ist 

9. Verfahren nach Anspruch 2 Oder 8. wobei die temperatur der Silylierung zwischen 100X und 425»C 



Revendicatlons 

J;!^ P T ' a pr6paration d ' un ^Pos* du lype oxiranne en faisant reagir un compose olef inique 

b.eTn s r^ 0Xy ? ?T aV6C UtaiSati0n d ' Un Cata ' ySeur h6t6r °9 ene ' •* essentiellement insolu- 
e^rinv f 9 ^actionne ce catalyseur comprenant du titane en combinaison chimique avec une silice 
et/ou un sdicate .norgamque solides. caracterise en ce qu'on utilise un catelyseur pouvant etre obtenu pa 
a impregnation du compose du silicium avec un courant de tetrachlorure de titane gazeux 

b) calcination du produit de reaction obtenu dans I'etape a) et " ' ' 

c) hydrolyse du produit de I'etape b. 

un ^T^t 86 '!'! ' a re A vendication 1 • dans ^ 'e catalyseur avant utilisation est mis en contact avec 
un agent de silylabon a temperature elevee. 

seni un P ga??nerte 0n " reVe " diCati0n 1 ° U * dans ,a d " catalyseur est effectuee en pre- 

4. Un precede selon la revendication 3. dans lequel le gaz inerte est de I'azote 
est a 5 ul7sus1eV30X. ™ °° ** revendications ^ dans ,e « uel la •"-.**» dans I'etape a) 

i m U n T 0C6 ? !l°^ Une ^ P ' USieUre d6S revendicatto "s 1-5, dans lequel la temperature de calcination 
est comprise entre 400»C et 900»C. de preference entre 500°C et 700°C 

7. Un precede selon une ou plusieurs des revendications 1-6, dans lequel I'hydrolyse a lieu avec de la 
vapeur d'eau a une temperature comprise entre 1 50«C et 400'C 

8. Un precede selon la revendication 2, dans lequel I'agentde silylation organique est I'hexamethyldisOa- 
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zane. 

9. Un proc§de selon Tune des revendications 2 ou 8, dans lequel la temperature de silyiation est comprise 
entre 100°C et425°C. 
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